Abstract. This paper presents a deep research on a novel 2-DOF planar parallel mechanism. The composition of this planar parallel mechanism is introduced, its direct and inverse kinematics solution equations as well as the solution equations for the speed and the acceleration are deduced. Meanwhile, the workspace and the singularity are also analyzed. Through the solving process we can see that the direct and inverse solution equations of this mechanism have explicit expressions and convenient to realize real-time control. It forms a solid basis for the design and development of this mechanism.
Introduction
The parallel mechanism has high stiffness, great load capacity, small movement inertia and high precision, it is paid widespread attention in the research of robotics and machine tools [1] [2] [3] . Since the 1990s United States first applied parallel mechanisms to machine tools successfully, parallel machine tool has caused a great sensation and got great development [4, 5] . Through nearly 20 years of exploration and practice, people found that the work space of the parallel mechanism is greatly restricted and coupling is serious due to the hinge constraints, rod length constraints, branched hinge interference and singularity, and so on. High stiffness of parallel mechanism has not been reflected and is even lower than the traditional in-line machine in some cases [6, 7] . Therefore, people begin to undertake more in-depth study at limited-DOF parallel mechanisms.
The paper discussed the 2-DOF planar parallel mechanism driven by the straight line motion components through the ball screw. The fixed platform and the moving platform are connected through the upper and lower parallelogram mechanism. Parallelogram mechanisms remain the orientation of the moving platform unchangeable, and the virtual constraint enhances the lateral load capacity of parallel mechanism. The inverse kinematics and forward kinematics of this parallel mechanism are analyzed. Detailed explanation and analyses are carried on to the problems of workspace and singularity, which has laid a theoretical foundation for design and development of the parallel mechanism. This parallel mechanism can be widely used in mechanical processing and detection equipments.
Description of the Mechanism
As shown in Figure 1 , the upper and lower branches of the parallel mechanism are parallelogram. Links C 1 C 2 and C 3 C 4 are connected with the sliders B 1 and B 2 respectively, which makes the moving platform of parallel mechanism to maintain the same posture. Link 
Kinematics Analysis
Parallel mechanism kinematics analysis is to solve the kinematics relations among the position, velocity and acceleration between the input and output components, which is the basis for the design and manufacture. the direct and inverse solutions about the 2-DOF planar parallel mechanism are derived and solved, which lays foundation for the follow-up development of the parallel mechanism.
In the coordinate system shown in Figure 1 , x z , Suppose the rod length of the parallel mechanism is 1 2 l l l = = . According to the geometric relations in the parallel branch chain, the upper and lower parallelogram mechanism is regarded as link B 1 E and B 2 F shown in the dotted line in Figure 1 respectively. Then two independent equations obtained as:
Through the Eq.1 and Eq.2, the following inverse solution of the parallel mechanism is obtained as:
According to the geometric relations, the above equations take "-" since the moving platform of parallel mechanism is in the right side of the driving sliders.
After combining Eq.3 and Eq.4, we can get the direct solution equations as:
The Eq.6 takes negative and
Based on the position solutions of the parallel mechanism, the velocity and the acceleration are obtained by derivative of Eq.1 and Eq.2. Due to the limited length of the passage, the details please refer to the published paper [8] .
Workspace Analysis
Workspace refers to working area that the motion platform of parallel mechanism possesses, which is one of the main characteristics representing the performance of parallel mechanisms. According to the position and orientation capabilities of parallel mechanism, workspace can be divided into reachable workspace and dexterous workspace. Reachable workspace is a set of points that the reference point on the motion platform of the parallel mechanism can reach, while dexterous workspace refers to a set of points that parallel mechanism can reach with arbitrary orientations. For parallel mechanisms, there is no dexterous workspace generally. The shape of workspace of parallel mechanism is usually complicated, which makes it difficult to describe with regular geometries, and as a result there is no perfect approach to solve it. At present, the analysis methods in use are analytical, numerical and graphic methods. The parallel mechanism discussed in this paper is analyzed by graphic method. 
together. It is easy to find that point m o is the intersection point of two circles, which takes ( ) 
Singularity Analysis
Singularity is a significant characteristic of parallel mechanisms, and parallel mechanisms will fail to work or be out of control in the singular position, which causes failure in completing expected target or damage to the mechanisms or persons. Therefore, it comes up as a critical problem that how to avoid singularity in the design stage. Singularity analysis usually is associated with Jacobian Matrix of the mechanism. According to singularity of Jacobian Matrix, the singular positions of parallel mechanisms are classified into three types: singularity at workspace boundary, singularity in workspace and structural singularity [9] . When parallel mechanisms encounter singularity at workspace boundary, DOF of mechanisms will reduce, and here mechanisms can still bear external loads without inputs; When parallel mechanisms encounter singularity in workspace, DOF of mechanisms will increase, and here mechanisms cannot bear external loads anymore; When parallel mechanisms encounter structural singularity, the mobile platform still have tiny movement when the mechanism have no input, and the driving mechanism still have tiny input when the mobile platform have no output.
The singularity analysis is as follows:
(1) Singularity on the boundary of workspace. The following equation can be obtained:
The above relation indicate that when the upper (means member B 1 E ) or the under (means member B 2 F) branch is vertical to X-axis, this mechanism would be in the condition of singularity on the boundary of workspace.
(2) Singularity in the workspace. The following equation can be obtained:
